
Chapter 7   Evaluation of Navigation Channel Alternatives 7-1

7  Evaluation of Navigation
Channel Alternatives1

The objective of this study is to determine the engineering feasibility of
maintaining a reliable navigation channel through the entrance to Willapa Bay.
This chapter discusses the factors or criteria relevant for judging navigation
reliability.  In addition to navigation safety, selection of feasible alternatives also
involves the cost of dredging, both through possible beneficial uses of the
dredged material and through the stability of the adjacent beach as part of the
overall inlet system.

The preceding chapters and associated appendices describe technical details
and results of the individual study tasks that generated information for evaluating
alternative channel designs.  This chapter summarizes those results and adds
integrating interpretations.  Material is presented in tabular and graphical form
concerning the following general categories:

a. Project operation and maintenance.

b. Navigation safety.

c. Environment and beneficial uses.

Project operation and maintenance is listed first because if the project is too
costly, it cannot go to construction, so that navigability is not an issue.  Such
reasoning was applied in the screening process that reduced the original 19
alternatives to a smaller number for detailed evaluation.

Alternatives
The alternatives are described in Chapter 2.  The screening process presented

in Chapters 5 and 6 and elsewhere in the report produced three basic alternative
groups, as shown in Figure 7-1.  Depths are referenced to mean lower low water
(mllw).

(1) North Fairway:

Alternative 3A: 28 ft-deep by 500 ft-wide channel, fixed location.

                                                          
1 Written by Mr. William C. Seabergh and Dr. Nicholas C. Kraus, U.S. Army Engineer
Research and Development Center, Coastal and Hydraulics Laboratory, Vicksburg, MS,
and by Mr. Hiram T. Arden, U.S. Army Engineer District, Seattle, Seattle, WA.
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Alternative 3B:  28-ft-deep by 500 ft-wide migrating channel, with
minimum 1,500-ft width in S-curve.

Alternative 3F:  38-ft deep by 1,000-ft wide channel, fixed location.

Alternative 3G:  38-ft deep by 1,000 ft wide migrating channel, with
minimum 1,500-ft width in S-curve.

(2) State Route (SR)-105 alternatives:

Alternative 3H-a:  28-ft deep by 500 ft-wide channel.

Alternative 3H-b:  28 ft-deep by 500 ft-wide channel, with the SR-105
dike raised from 18 ft mllw depth to 2 ft mllw depth.

(3) Middle Fairway:

Alternative 4A:  28 ft-deep by 500 ft-wide channel.

Alternative 4E:  38 ft-deep by 1,000 ft-wide channel.

Alternatives 3H-a and 3H-b were included for evaluation after new
bathymetric measurements made during the course of this study indicated some
deepening of the south side of the north channel just seaward of the SR 105
project.  These two alternatives were added to determine if any advantages could
be found in placing a navigation channel in this vicinity.  Figure 7-1 shows the
alternatives.

Criteria for Evaluation of Navigation Channel
Alternatives

The criteria for evaluating the various channel alternatives were separated
into three groups, as listed in Tables 7-1, 7-2, and 7-3.  Table 7-1, dealing with
operation and maintenance, comprises factors indicating estimated and calculated
sediment volumes requiring removal from the navigation channel.  In Willapa
Bay, the high-energy waves, large tidal range, and strong tidal current, coupled
with environmental considerations, combine to give relatively small windows of
opportunity for dredging during the year.  Evaluation of alternatives must
consider the amount of maintenance dredging required both for the cost involved
and the limited time dredging can be performed.

Two approaches were taken for evaluating the magnitude of sediment that
would need to be dredged to maintain a safe and navigable channel for the
subject alternative.  A geomorphic approach examined long-term or life-cycle
project dredging requirements.  This life-cycle dredging was based on a 50-year
project lifetime, and estimates were developed from results of Chapter 3.  The
second factor for the operation and maintenance evaluation came from the results
of the numerical modeling discussed in Chapter 6.  Volumes deposited in the
channel during a representative severe winter storm and volumes deposited
during a 31-day period of “typical” oceanic conditions defined the conditions for
this evaluation.
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Another factor of operation and maintenance relates to the estimated cost for
surveying the inlet channel.  The U.S. Army Corps of Engineers must provide
guidance to the U.S. Coast Guard (USCG) for marking channels to identify safe
access through the inlet.  Before moving any channel markers, the USCG must
receive a channel survey.  An Alternative which has a less stable location or
requires surveying under relatively more severe wave conditions will cost more
to survey.  The variations in these costs were not significant enough with respect
to the costs associated with dredging, and were not included in Table 7-1.

Table 7-2 lists navigation safety factors.  The first criterion is derived from
results of the modeling of surface waves (Chapter 5) and the discussion of wave
direction with respect to channel orientation in Chapter 2.  Wave heights
averaged along the channel are included in the table for 9-ft incident ocean
waves.  This wave height was considered a typical operational maximum for tug-
and-barge traffic.  Wave angles greater than 45 deg with respect to the channel
axis are considered problematic for vessels.  The Certainty of Depth factor
evolved from the historic analysis of channel location discussed in Chapter 3 and
channel capacity to maintain a 28-ft depth.  Information contributing to the
Channel Curvature and Variation in Location factor was developed from the
historical analysis of Chapter 3.  Information for the Alignment of Current With
Channel factor was determined by examining visual results of numerical
simulations of combined tidal circulation and surface waves model (Chapter 6).

Information contained in Table 7-3 concerns beneficial-use factors of
dredged material and erosion potential at North Cove.  Potential dredged-material
placement sites are discussed in Appendix H.  These results led to an overall
examination of the sites for each alternative, based on availability, cost, capacity,
and beneficial use.  Numerical modeling of tidal currents provided information to
compare with existing conditions for North Cove Erosion Potential.

The Evaluation
Table 7-1 summarizes the evaluation of the operation and maintenance

factors considered.  The “1998 Initial Dredging Volume” is the first item
following the “Description” column.  Presently, the S-curve channel of
Alternative 3B requires minimal dredging, because it is the existing
configuration.  It is now in a filling mode, however, because as the “Annual Net
Shoaling in Location of Potential Channel” column indicates, 1.0 million cu yd
of fill occurred between 1998 and 1999.  Alternative 3A requires 800,000 cu yd
of dredging and is in a scour mode, as this potential location had 1.1 million
cu yd of scour in the 1998-1999 time period.  The deeper versions of Alternatives
3A and 3B, 3F and 3G, because of the greater initial depth, require 5.7 and
4.2 million cu yd of dredging, respectively.  Alternatives 3H-a and 3H-b both
require 2.1 million cu yd of dredging.  The middle channel locations of
Alternatives 4A and 4B need 2.2 and 12.0 million cu yd of initial dredging,
respectively.

Following the aforementioned columns is the “50-Year Lifetime
Maintenance Dredging Estimate,” showing the projected amounts of dredging
over a 50-year project lifetime, based on the geomorphic analysis of Chapter 3.
The volumes are presented as an estimated range of values which could occur for
a specific Alternative.  The migrating channel Alternative 3B has the smallest
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amount, a 27-48 million cu yd range over 50 years, but would probably have the
greatest likelihood of providing unsatisfactory navigation conditions, as is
discussed below.  Alternative 3G, also a migrating channel that is deeper and
wider than 3B, has an estimated range of 58-102 million cu yd over 50 years.
Alternatives 3A, 3H-a, 3H-b, and 4A all have lifetime estimated shoaling volume
range of 42-74 million cu yd.  The deeper and wider channel of Alternative 3F
has a lifetime shoaling estimate in the range of 114-185 million cu yd.  These
shoaling volumes are converted to annual rates and compared to numerical model
results in the next paragraph.

The numerical model results of channel shoaling in Chapter 6 are listed in the
sixth and seventh columns of Table 7-1.  The typical condition, 31-day
simulations of channel shoaling, and the 15-day storm results are shown.
Alternatives 3H-a, 3A, 4A, and 3H-b were reasonably close to one another in
channel shoaling.  Alternative 4E had slightly greater shoaling than the
previously mentioned Alternatives, and Alternatives 3F, 3B, and 3G had
progressively increasing amounts of channel shoaling.  To compare the
geomorphic and numerical modeling results, a yearly estimate of shoaling was
determined from the geomorphic 50-year estimates and, using the following
procedure, the numerical results provided an annual channel shoaling estimate:
the 15-day storm period was multiplied by a factor of 4 to represent a 60-day
period, and the 31-day typical values were multiplied by 10 to represent a
310-day period.  Adding the two shoaling results produced a yearly estimate
plotted in Figure 7-2.  Shoaling rates of the two approaches were in reasonable
agreement except for the migrating channel Alternatives 3B and 3G, where the
geomorphic approach allows channel movement until channel curvature
approaches 1998 conditions.  Therefore, dredging is minimal until strong channel
curvature is present and the channel must be realigned.

Capacity of a channel is another central aspect in the evaluation of channel
shoaling.  In the past, typical dredging did not produce a channel that would
maintain depth or alignment for the time span between dredging.  This is the
reason the wider and deeper plans of Alternatives 3F and 3G were included in the
evaluation.  The wider footprints of these channels capture more sediment
(shoaling), but the increased capacity will produce longer time periods of
navigable depth and alignment.

Table 7-2 presents navigability safety factors.  The entries in this table derive
from the wave tests of Chapter 5 (third and fourth columns, “Wave Height and
Angle”), the historic analysis of Chapter 3 (fifth and sixth columns, “Likelihood
of Maintaining Depth Over Bar,” and “Channel Curvature and Variation in
Location,” respectively), and the tidal and wave-generated current modeling of
Chapter 6 (“Alignment of Current With Channel”).  In the wave height and angle
columns, the large wave angles with respect to channel orientation of
Alternatives 3B and 3G are highly undesirable.  Alternatives 3H-a and 3H-b had
small wave angles but slightly greater wave heights than Alternatives 3A, 3F,
4A, and 4E.

As shown in the “Likelihood in Maintaining Depth Over Bar” column of
Table 7-2, the historic analysis favors deeper dredged and migrating northern
channel Alternatives 3B, 3F, 3G, and 3H, for certainty of depth, and the middle
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Note 2:  Geomorphic volumes for Alternatives 3B and 3G assumes the channel moves and dredging
only occurs during  periodic  readjustment of channel to north.  The channel is relocated when
S-curve becomes difficult for navigation.

Figure 7-2. Yearly shoaling estimates based on geomorphic analysis and
numerical modeling

channels less favorably.  As far as “Channel Curvature and Variation in
Location” ratings, Alternative 4E is highest because of its large width and depth,
and its distance from the migrating northern spit.  Alternatives 3A, 3F, 3H, and
4A are considered to have reasonable success at maintaining alignment and
location through dredging activity.

The fourth factor of “Alignment of Current With Channel,” evaluated in
Table 7-2, was determined from results in Chapter 6.  Good alignment of the
currents with the channel is critical for tugs towing non-powered barges.
Alternatives 3A, 3F, and 4A have good flow alignment with the channel.  The
other alternatives have reasonable alignment except for Alternative 3B, which
has the strongest crosscurrents.

Table 7-3 compares alternatives for “Beneficial Use of Dredged Material and
Erosion Potential.”  The evaluation of dredged-material disposal sites presented
in Appendix H and summarized in Chapter 2 were consulted for this table.  The
straight northerly channel routes of Alternatives 3A, 3F, 3H-a, and 3H-b tend to
rate higher overall with regard to proximity to available disposal sites and
beneficial usage for the dredged material.  Alternatives 3B and 3G are at a
slightly greater distance from the optimal disposal sites.  Alternatives 4A and 4E
require sidecast dredging or use of the Goose Point disposal site.



T
ab

le
 7

-1
D

es
ig

n
 A

lt
er

n
at

iv
e 

E
va

lu
at

io
n

, W
ill

ap
a 

B
ay

 N
av

ig
at

io
n

 C
h

an
n

el
 R

el
ia

b
ili

ty
 S

tu
d

y1 , O
p

er
at

io
n

 a
n

d
 M

ai
n

te
n

an
ce

 F
ac

to
rs

E
st

im
at

ed
 D

re
d

g
in

g
 a

n
d

 M
ai

n
te

n
an

ce
 –

L
if

e 
cy

cl
e 

(G
eo

m
o

rp
o

lo
g

ic
al

ly
 B

as
ed

),
m

ill
io

n
 c

u
 y

d

S
ed

im
en

t 
T

ra
n

sp
o

rt
 in

to
th

e 
C

h
an

n
el

-E
ve

n
t/

S
h

o
rt

T
er

m
 (

N
u

m
er

ic
al

 M
o

d
el

),
cu

 y
d

A
lt

er
n

at
iv

e
D

es
cr

ip
ti

o
n

19
98

 In
it

ia
l

D
re

d
g

in
g

V
o

lu
m

e

A
n

n
u

al
 N

et
S

h
o

al
in

g
 in

L
o

ca
ti

o
n

 o
f

P
o

te
n

ti
al

C
h

an
n

el
,

19
98

-1
99

9

50
-Y

ea
r

L
if

et
im

e
M

ai
n

te
n

an
ce

D
re

d
g

in
g

E
st

im
at

e

T
yp

ic
al

C
o

n
d

it
io

n
s

fo
r 

31
 D

ay
s

Ja
n

 9
8

S
to

rm
fo

r 
15

-d
ay

S
to

rm
C

o
m

m
en

ts

1
19

98
 e

xi
st

in
g

co
nd

iti
on

D
re

dg
in

g 
no

t b
ei

ng
 p

er
fo

rm
ed

 a
t t

hi
s 

tim
e.

  R
ec

en
t (

19
57

-
19

74
) 

ye
ar

ly
 h

is
to

ric
al

 a
m

ou
nt

s 
w

er
e 

as
 h

ig
h 

as
 6

10
,0

00
 c

u
yd

, 
ye

t n
ot

 m
ai

nt
ai

ni
ng

 a
 s

af
e 

na
vi

ga
bl

e 
ch

an
ne

l f
or

 a
si

gn
ifi

ca
nt

 ti
m

e 
p

er
io

d 
ov

er
 th

e 
dr

ed
gi

ng
 c

yc
le

.

3A
D

re
dg

e 
pr

im
ar

ily
 o

n
en

tr
an

ce
 b

ar
, s

tr
ai

g
ht

ou
t a

nd
 fi

xe
d 

in
po

si
tio

n

0.
8

-1
.1

 (
sc

ou
r)

42
-7

4
95

,0
00

28
0,

00
0

M
od

er
at

e 
in

iti
al

 c
os

t r
el

at
iv

e 
to

 o
th

er
s.

  S
ed

im
en

t t
ra

ns
po

rt
in

to
 c

ha
nn

el
 n

ex
t t

o 
lo

w
es

t.

3F
S

am
e 

as
 3

A
, e

xc
ep

t
dr

ed
ge

 to
 to

ta
l d

ep
th

of
 3

8 
ft 

an
d 

w
ith

 w
id

th
1,

00
0 

ft

5.
7

-3
.8

 (
sc

ou
r)

11
4-

18
5

19
0,

00
0

60
0,

00
0

Li
fe

tim
e 

dr
ed

gi
ng

 b
as

ed
 o

n 
co

m
pl

et
e 

se
di

m
en

t f
ill

in
g 

an
d

do
es

 n
ot

 c
on

si
de

r 
p

os
si

bl
e 

im
pr

ov
ed

 fl
us

hi
ng

 o
f s

ed
im

en
t

fr
om

 c
ha

nn
el

.  
M

od
er

at
e 

se
di

m
en

t i
nf

lu
x 

an
d 

la
rg

e 
fo

ot
pr

in
t.

3B
 (

M
ig

ra
tin

g
ch

an
ne

l)
M

od
ifi

ed
 S

-c
ur

ve
(m

od
er

at
e 

cu
rv

e)
0.

04
1.

0 
(f

ill
)

27
-4

8
26

0,
00

0
87

0,
00

0
S

ig
ni

fic
an

t a
m

ou
nt

s 
of

 s
ed

im
en

t t
ra

ns
po

rt
 in

to
 c

ha
nn

el
, b

ut
ch

an
ne

l h
as

 la
rg

e 
fo

ot
pr

in
t t

o 
ab

so
rb

 in
flu

x 
an

d 
ch

an
ne

l
al

lo
w

ed
 to

 m
ig

ra
te

.

3G
 (

M
ig

ra
tin

g
ch

an
ne

l)
S

am
e 

as
 3

B
, e

xc
ep

t
dr

ed
ge

 to
 to

ta
l d

ep
th

of
 3

8 
ft

 a
nd

 w
ith

 w
id

th
1,

00
0 

ft

4.
2

2.
4 

(f
ill

)
58

-1
02

45
0,

00
0

1,
63

0,
00

0
S

ig
ni

fic
an

t a
m

ou
nt

s 
of

 s
ed

im
en

t t
ra

ns
po

rt
 in

to
 c

ha
nn

el
, b

ut
ch

an
ne

l h
as

 la
rg

e 
fo

ot
pr

in
t t

o 
ab

so
rb

 in
flu

x 
an

d 
ch

an
ne

l
al

lo
w

ed
 to

 m
ig

ra
te

.

3H
-a

E
xi

st
in

g 
S

R
-1

05
 d

ik
e

2.
1

-0
.8

 (
sc

ou
r)

42
-7

4
66

,0
00

30
0,

00
0

M
in

im
al

 s
ed

im
en

t i
nf

lu
x.

  M
od

er
at

e 
st

ar
tu

p 
co

st
.

3H
-b

S
R

-1
05

 d
ik

e 
ra

is
ed

 to
-2

 ft
 (

3H
-b

)
2.

1
-0

.8
 (

sc
ou

r)
42

-7
4

78
,0

00
34

0,
00

0
S

lig
ht

ly
 h

ig
he

r 
se

di
m

en
ta

tio
n 

th
an

 3
H

-a
.  

C
on

st
ru

ct
io

n 
co

st
fo

r 
ra

is
in

g 
di

ke
. M

od
er

at
e 

in
iti

al
 d

re
dg

in
g 

co
st

.

4A
D

re
dg

e 
pr

im
ar

ily
 o

n
en

tr
an

ce
 b

ar
2.

2
0.

1 
(f

ill
)

42
-7

4
87

,0
00

27
0,

00
0

M
in

im
um

 c
ha

nn
el

 s
ed

im
en

ta
tio

n.
  L

ow
 s

to
ra

ge
 c

ap
ac

ity
 o

f
ch

an
ne

l. 
 M

od
er

at
e 

in
iti

al
 d

re
dg

in
g.

4E
S

am
e 

as
 4

A
, e

xc
ep

t
dr

ed
ge

 to
 to

ta
l d

ep
th

of
 3

8 
ft

 a
nd

 w
ith

 w
id

th
1,

00
0 

ft

12
.0

1.
2 

(f
ill

)
11

4-
18

5
14

4,
00

0
32

0,
00

0
Li

fe
tim

e 
dr

ed
gi

ng
 b

as
ed

 o
n 

co
m

pl
et

e 
se

di
m

en
t f

ill
in

g 
an

d
do

es
 n

ot
 c

on
si

de
r 

p
os

si
bl

e 
im

pr
ov

ed
 fl

us
hi

ng
 o

f s
ed

im
en

t
fr

om
 c

ha
nn

el
. L

ar
ge

 fo
ot

pr
in

t a
nd

 s
to

ra
ge

 c
ap

ab
ili

tie
s.

 H
ig

h
st

ar
tu

p 
co

st
.

1.
N

ot
e:

  A
ll 

ch
an

ne
l d

ep
th

s 
ar

e 
26

 ft
 m

llw
 +

 2
 ft

 o
ve

r-
dr

ed
gi

ng
 (

50
0 

ft 
w

id
th

 a
t b

ot
to

m
) 

un
le

ss
 o

th
er

w
is

e 
sp

ec
ifi

ed
.

Chapter 7   Evaluation of Navigation Channel Alternatives             7-7



C
h

t
7

E
l

ti
fN

i
ti

C
h

lA
lt

ti

T
ab

le
 7

-2
D

es
ig

n
 A

lt
er

n
at

iv
e 

E
va

lu
at

io
n

, W
ill

ap
a 

B
ay

 N
av

ig
at

io
n

 C
h

an
n

el
 R

el
ia

b
ili

ty
 S

tu
d

y1 , N
av

ig
ab

ili
ty

 S
af

et
y 

F
ac

to
rs

W
av

e 
H

ei
g

h
t 

an
d

 a
n

g
le

L
ik

el
ih

o
o

d
 o

f
M

ai
n

ta
in

in
g

 D
ep

th
O

ve
r 

B
ar

C
h

an
n

el
C

u
rv

at
u

re
 a

n
d

V
ar

ia
ti

o
n

 in
L

o
ca

ti
o

n
A

lig
n

m
en

t 
o

f 
C

u
rr

en
t 

w
it

h
C

h
an

n
el

A
lt

er
n

at
iv

e
D

es
cr

ip
ti

o
n

A
ve

ra
g

e
A

lo
n

g
-

C
h

an
n

el
S

ig
n

if
ic

an
t

W
av

e 
H

ei
g

h
t

A
ve

ra
g

e
W

av
e

A
n

g
le

 a
t

W
o

rs
t

L
o

ca
ti

o
n

C
er

ta
in

ty
 o

f
M

ai
n

ta
in

in
g

 D
ep

th
O

ve
r 

B
ar

 B
et

w
ee

n
D

re
d

g
in

g
 C

yc
le

s

L
o

n
g

-t
er

m
P

ro
b

ab
ili

ty
 o

f
M

ai
n

ta
in

in
g

 a
S

tr
ai

g
h

t
C

h
an

n
el

D
o

 t
h

e 
C

u
rr

en
ts

 S
af

el
y

F
o

llo
w

 t
h

e 
C

h
an

n
el

 o
r 

ar
e

th
er

e 
S

ig
n

if
ic

an
t 

C
ro

ss
-

C
u

rr
en

ts
C

o
m

m
en

ts

1
19

98
 e

xi
st

in
g

co
nd

iti
on

1.
3 

m
30

 d
eg

Lo
w

 c
er

ta
in

ty
V

er
y 

lo
w

F
ai

r 
al

ig
nm

en
t

T
yp

ic
al

 "
S

-c
ur

ve
" 

co
nd

iti
on

 v
er

y
di

ff
ic

ul
t f

or
 s

af
e 

na
vi

ga
tio

n.

3A
D

re
dg

e 
pr

im
ar

ily
 o

n
en

tr
an

ce
 b

ar
, s

tr
ai

g
ht

ou
t a

nd
 fi

xe
d 

in
po

si
tio

n

1.
4 

m
23

 d
eg

M
od

er
at

e 
ce

rt
ai

nt
y

G
oo

d
V

er
y 

fa
vo

ra
bl

e 
al

ig
nm

en
t

O
ve

ra
ll 

g
oo

d 
na

vi
ga

bi
lit

y.

3F
S

am
e 

as
 3

A
, e

xc
ep

t
dr

ed
ge

 to
 to

ta
l d

ep
th

of
 3

8 
ft 

an
d 

w
ith

 w
id

th
1,

00
0 

ft

1.
4 

m
23

 d
eg

H
ig

h 
ce

rt
ai

nt
y

H
ig

h
V

er
y 

fa
vo

ra
bl

e 
al

ig
nm

en
t

B
es

t A
lte

rn
at

iv
e 

w
ith

 r
es

pe
ct

 to
na

vi
ga

bi
lit

y.

3B (M
ig

ra
tin

g
ch

an
ne

l)

M
od

ifi
ed

 S
-c

ur
ve

(m
od

er
at

e 
cu

rv
e)

1.
7 

m
51

 d
eg

H
ig

h 
ce

rt
ai

nt
y

V
er

y 
lo

w
P

oo
r 

al
ig

nm
en

t
W

av
e 

an
gl

e 
w

ith
 v

es
se

l g
re

at
er

th
an

 4
5 

de
g.

  C
ha

nn
el

 is
 n

ot
st

ra
ig

ht
 b

ut
 1

,5
00

-f
t w

id
th

 in
 s

-t
ur

n
pr

ov
id

es
 in

cr
ea

se
d 

sa
fe

ty
.

3G (M
ig

ra
tin

g
ch

an
ne

l)

S
am

e 
as

 3
B

, e
xc

ep
t

dr
ed

ge
 to

 to
ta

l d
ep

th
of

 3
8 

ft
 a

nd
 w

ith
 w

id
th

1,
00

0 
ft

1.
7 

m
51

 d
eg

H
ig

he
st

 c
er

ta
in

ty
Lo

w
P

oo
r 

al
ig

nm
en

t
W

av
e 

an
gl

e 
w

ith
 v

es
se

l h
ig

hl
y

un
de

si
ra

bl
e.

3H
-a

E
xi

st
in

g 
S

R
-1

05
 d

ik
e

1.
8 

m
14

 d
eg

M
od

er
at

e 
ce

rt
ai

nt
y

H
ig

h 
pr

ob
ab

ili
ty

F
av

or
ab

le
 a

lig
nm

en
t

G
oo

d 
al

ig
nm

en
t w

ith
 r

es
p

ec
t t

o
w

av
e 

an
gl

e.
  W

ou
ld

 a
nt

ic
ip

at
e

im
pr

ov
ed

 a
lig

nm
en

t w
ith

 c
ur

re
nt

.

3H
-b

S
R

-1
05

 d
ik

e 
ra

is
ed

 to
el

ev
at

io
n 

-2
 ft

 (
3H

-b
)

1.
8 

m
14

 d
eg

H
ig

h 
ce

rt
ai

nt
y

G
oo

d 
pr

ob
ab

ili
ty

F
ai

r 
al

ig
nm

en
t

G
oo

d 
al

ig
nm

en
t w

ith
 r

es
p

ec
t t

o
w

av
e 

an
gl

e.
 W

ou
ld

 a
nt

ic
ip

at
e

im
pr

ov
ed

 a
lig

nm
en

t w
ith

 c
ur

re
nt

.

4A
D

re
dg

e 
pr

im
ar

ily
 o

n
en

tr
an

ce
 b

ar
1.

4 
m

26
 d

eg
Lo

w
 c

er
ta

in
ty

G
oo

d 
pr

ob
ab

ili
ty

V
er

y 
fa

vo
ra

bl
e 

al
ig

nm
en

t
H

is
to

ric
al

 r
ec

or
ds

 d
o 

no
t s

up
p

or
t

go
od

 d
ep

th
s 

in
 M

id
dl

e 
C

ha
nn

el
.

4E
S

am
e 

as
 4

A
, e

xc
ep

t
dr

ed
ge

 to
 to

ta
l d

ep
th

of
 3

8 
ft

 a
nd

 w
ith

 w
id

th
1,

00
0 

ft

1.
4 

m
26

 d
eg

M
od

er
at

e 
ce

rt
ai

nt
y

V
er

y 
hi

g
h

F
ai

r 
al

ig
nm

en
t

H
is

to
ric

al
 r

ec
or

ds
 d

o 
no

t s
up

p
or

t
ad

eq
ua

te
 d

ep
th

s 
in

 M
id

dl
e

C
ha

nn
el

.

1 
. N

ot
e:

  A
ll 

ch
an

ne
l d

ep
th

s 
ar

e 
26

 ft
 m

llw
 +

 2
 ft

 o
ve

r-
dr

ed
gi

ng
 (

50
0 

ft 
w

id
th

 a
t b

ot
to

m
) 

un
le

ss
 o

th
er

w
is

e 
sp

ec
ifi

ed
.

7-8          Chapter 7   Evaluation of Navigation Channel Alternatives



C
h

t
7

E
l

ti
fN

i
ti

C
h

lA
lt

ti

T
ab

le
 7

-3
D

es
ig

n
 A

lt
er

n
at

iv
e 

E
va

lu
at

io
n

, W
ill

ap
a 

B
ay

 N
av

ig
at

io
n

 C
h

an
n

el
 R

el
ia

b
ili

ty
 S

tu
d

y1 , B
en

ef
ic

ia
l U

se
 o

f 
D

re
d

g
ed

 M
at

er
ia

l a
n

d
E

ro
si

o
n

 P
o

te
n

ti
al

D
re

d
g

in
g

 D
is

p
o

sa
l S

it
es

N
o

rt
h

 C
o

ve
 E

ro
si

o
n

P
o

te
n

ti
al

A
lt

er
n

at
iv

e
D

es
cr

ip
ti

o
n

A
va

ila
b

ili
ty

, C
o

st
, C

ap
ac

it
y 

an
d

B
en

ef
ic

ia
l U

se
s

E
ro

si
o

n
 P

o
te

n
ti

al
 b

y
T

id
al

 C
u

rr
en

t 
E

ro
si

o
n

C
o

m
m

en
ts

1
19

98
 e

xi
st

in
g 

co
nd

iti
on

G
oo

d 
av

ai
la

bi
lit

y 
of

 s
ite

s,
 b

ut
 n

o
dr

ed
gi

ng
 b

ei
ng

 p
er

fo
rm

ed
, s

o 
no

be
ne

fic
ia

l u
se

s.

D
ue

 to
 m

in
im

al
 d

re
dg

in
g,

 g
oo

d 
av

ai
la

bi
lit

y 
of

 d
is

p
os

al
 s

ite
s

3A
D

re
dg

e 
pr

im
ar

ily
 o

n
en

tr
an

ce
 b

ar
, s

tr
ai

g
ht

ou
t a

nd
 fi

xe
d 

in
 p

os
iti

on

R
ea

so
na

bl
e 

av
ai

la
bi

lit
y 

an
d 

ca
p

ac
iti

es
av

ai
la

bl
e,

 b
es

t b
en

ef
ic

ia
l u

se
s.

S
im

ila
r 

to
 e

xi
st

in
g

N
ea

r 
hi

st
or

ic
al

ly
 a

pp
ro

ve
d 

di
sp

os
al

 s
ite

s.

3F
S

am
e 

as
 3

A
, e

xc
ep

t
dr

ed
ge

 to
 to

ta
l d

ep
th

 o
f

38
 ft

 a
nd

 w
ith

 w
id

th
1,

00
0 

ft

R
ea

so
na

bl
e 

av
ai

la
bi

lit
y 

an
d 

 c
ap

ac
iti

es
av

ai
la

bl
e,

 b
es

t b
en

ef
ic

ia
l u

se
s.

S
im

ila
r 

to
 e

xi
st

in
g

La
rg

e 
am

ou
nt

 to
 b

e 
di

sp
os

ed
.

3B
 (

M
ig

ra
ti

n
g

ch
an

n
el

)
M

od
ifi

ed
 S

-c
ur

ve
(m

od
er

at
e 

cu
rv

e)
R

ea
so

na
bl

e 
av

ai
la

bi
lit

y 
an

d 
 c

ap
ac

iti
es

av
ai

la
bl

e,
 g

oo
d 

b
en

ef
ic

ia
l u

se
s.

S
im

ila
r 

to
 e

xi
st

in
g

N
ea

r 
hi

st
or

ic
al

ly
 a

pp
ro

ve
d 

di
sp

os
al

 s
ite

s.

3G
 (

M
ig

ra
ti

n
g

ch
an

n
el

)
S

am
e 

as
 3

B
, e

xc
ep

t
dr

ed
ge

 to
 to

ta
l d

ep
th

 o
f

38
 ft

 a
nd

 w
ith

 w
id

th
1,

00
0 

ft

R
ea

so
na

bl
e 

av
ai

la
bi

lit
y 

an
d 

 c
ap

ac
iti

es
av

ai
la

bl
e,

 g
oo

d 
b

en
ef

ic
ia

l u
se

s.
S

im
ila

r 
to

 e
xi

st
in

g
La

rg
e 

am
ou

nt
 to

 b
e 

di
sp

os
ed

.

3H
-a

E
xi

st
in

g 
S

R
-1

05
 d

ik
e

R
ea

so
na

bl
e 

av
ai

la
bi

lit
y 

an
d 

 c
ap

ac
iti

es
av

ai
la

bl
e,

 b
es

t b
en

ef
ic

ia
l u

se
s.

S
lig

ht
 r

ed
uc

tio
n 

fr
om

ex
is

tin
g

N
ea

r 
hi

st
or

ic
al

ly
 a

pp
ro

ve
d 

di
sp

os
al

 s
ite

s.

3H
-b

S
R

-1
05

 d
ik

e 
ra

is
ed

 to
el

ev
at

io
n 

-2
 ft

 (
3H

-b
)

R
ea

so
na

bl
e 

av
ai

la
bi

lit
y 

an
d 

 c
ap

ac
iti

es
av

ai
la

bl
e,

 b
es

t b
en

ef
ic

ia
l u

se
s.

S
ig

ni
fic

an
t r

ed
uc

tio
n

fr
om

 e
xi

st
in

g
N

ea
r 

hi
st

or
ic

al
ly

 a
pp

ro
ve

d 
di

sp
os

al
 s

ite
s.

4A
D

re
dg

e 
pr

im
ar

ily
 o

n
en

tr
an

ce
 b

ar
M

ar
gi

na
l a

va
ila

bi
lit

y 
an

d 
 c

ap
ac

iti
es

av
ai

la
bl

e,
 g

oo
d 

b
en

ef
ic

ia
l u

se
s.

S
lig

ht
 r

ed
uc

tio
n 

fr
om

ex
is

tin
g

S
id

e-
ca

st
in

g 
ne

ce
ss

ar
y.

4E
S

am
e 

as
 4

A
, e

xc
ep

t
dr

ed
ge

 to
 to

ta
l d

ep
th

 o
f

38
 ft

 a
nd

 w
ith

 w
id

th
1,

00
0 

ft

M
ar

gi
na

l a
va

ila
bi

lit
y 

an
d 

 c
ap

ac
iti

es
av

ai
la

bl
e,

 g
oo

d 
b

en
ef

ic
ia

l u
se

s.
S

lig
ht

 r
ed

uc
tio

n 
fr

om
ex

is
tin

g
S

id
e-

ca
st

in
g 

ne
ce

ss
ar

y.

1 
. N

ot
e:

  A
ll 

ch
an

ne
l d

ep
th

s 
ar

e 
26

 ft
 m

llw
 +

 2
 ft

 o
ve

r-
dr

ed
gi

ng
 (

50
0 

ft 
w

id
th

 a
t b

ot
to

m
) 

un
le

ss
 o

th
er

w
is

e 
sp

ec
ifi

ed
.   

E
le

va
tio

n 
re

fe
re

nc
ed

 to
 m

llw
.

  Chapter 7   Evaluation of Navigation Channel Alternatives             7-9


